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Lung function, an important component of the evaluation of children with respiratory problems, is influenced by gender, height, and age, but also by prenatal exposures, genetic factors, ethnicity, obesity, altitude of residence, tobacco smoking, air pollution, nutrition, Socioeconomic status (SES), and lung disease [1] . Data from a variety of studies consistently show that low SES is associated with lower mean levels of pulmonary function [2] [3] [4] [5] . However, data of children from developing countries is scarce, especially if studied in longitudinal fashion [6] . The pattern of increase in lung function may differ if obtained from longitudinal or cross-sectional studies [7] because, in the latter, the effects of age on lung function are confounded by secular time and by the presence of the multiple birth cohorts assembled in a cross-sectional study. A longitudinal study may better describe the growth spurt in adolescents [8] and the time sequence of events, such as the impact of general state of health and nutrition and SES on lung growth. The main objective of the present study was to evaluate the effect of SES on the lung function of healthy Mexican children from a cohort assembled in Mexico City.
Materials and Methods

Population and study design
The Metropolitan Study to Evaluate the Chronic Effects of Pollution in School-age Children (EMPECE) was undertaken in Mexico City beginning on April 23, 1996 , with children in third grade of primary school [9] . The protocol was approved by the Ethics Committee of the Mexican National Institute of Respiratory Diseases (INER). All parents provided written informed consent for the study subjects.
We selected 10 fixed-site air-monitoring stations in Mexico City and randomly selected 39 elementary schools from among those located within a 2-km radius of the stations. The study cohort consisted of students at the selected schools who were 8 years of age at the beginning of the study, who had not been diagnosed as having asthma, and whose parents had signed a letter of informed consent. A substantial number of children entered or left the cohort during the course of the study. At baseline, a questionnaire was completed by the parents of 1,819 children, and a spirometric test was administered to each child (phase 1). The following evaluations occurred every 6 months during the spring and autumn seasons of each year until the end of the children's primary school education in 1999. Children remaining in the same schools studied during secondary school were followed for 3 additional years until 2002; thus, we collected information for a total of 12 evaluations [9] [10] [11] .
Spirometry testing
Spirometry tests were conducted using identical computerized dry-rolling seal spirometers (922 Spirometer; SensorMedics, USA) that were calibrated each morning prior to data collection with a 3-L syringe (SensorMedics). We recorded only the expiratory part of Forced expiratory maneuvers (FEM) and analyzed Forced expiratory volume in 1 sec (FEV 1 ), Forced vital capacity (FVC), and their ratio (FEV 1 /FVC). Tests were performed at the school during morning and early afternoon hours. As many as eight FEM were conducted for each child to obtain three acceptable ones according to 1994 American Thoracic Society (ATS) criteria [12] . Additional details on the spirometry methodology, including sustained quality control along the study, were described in a previous report [10] .
Respiratory-healthy children
Children with self-report of asthma, tobacco smoking, chronic respiratory symptoms (cough, wheezing, phlegm, dyspnea), or children in the >95% percentile of Body mass index (BMI) for age according to growth charts from the Centers for Disease Control and Prevention (CDC) [13] , were excluded from the analysis because those conditions would tend to reduce lung function and confound a relationship with SES. Children <8 years of age were scarce and were also excluded, as performance of spirometry is less reliable than in older children. Although some of these diseases, symptoms, and exposures could also be associated with poverty, we preferred to analyze the impact of SES on lung function in a healthy population from the respiratory point of view, but also included statistical models with data from the whole cohort.
Socioeconomic status
Socioeconomic status was based on monthly family income (in 2002, log-transformed U.S. dollars [USD]) assessed at each evaluation and by parents' schooling (years completed at school), both reported by the parents and categorized in tertiles for analysis. Parents' schooling was built taking the average of the highest completed school years of both parents. Income changed over time, while parents' schooling was constant.
Ozone measurement
The impact of several air pollutants on the lung function of the cohort was previously reported (9) . As an indicator of air pollution, we included ambient O 3 from 10 government air-monitoring stations, assigning for each child data from the station closest to their school. We calculated 8-h ozone means (parts per billion [ppb] between 10 a.m. and 6 p.m.), whereas long-term exposure for each day of the study period was estimated as the average over the previous 6 months of the daily O 3 8-h mean [9] .
Statistical analysis
We estimated tertiles of schooling and compared spirometric and anthropometric variables by Analysis of variance (ANOVA). We then fitted multilevel mixed-effects linear models adjusted for age and gender to determine the association of SES (monthly family income or parents' years at school) with spirometric variables (log-transformed FEV 1 and FVC) along time with and without height, ozone (average over the previous 6 months of the daily O 3 8-h mean, as a general indicator of air pollution), interaction between SES variables and ozone and secondhand smoke (the presence of any person smoking inside the home). We also fitted multilevel mixed-effects linear models for spirometric variables expressed as Z-score [14] including SES variables, second hand smoke and ozone. Sitting height was measured only during the 4th evaluation; therefore, we could include sitting height/standing height as additional confounder and also as a consequence of SES only for observations during this phase. We also estimated the height-for-age Z-score [13] and the sitting height/standing height ratio (only available in the 4th evaluation) in order to compare groups (by tertiles), and we established a relationship between these two variables with spirometric and other anthropometric measurements.
The analysis was conducted using the software STATA v.13 software (Stata Corp., College Station, TX, USA). 251 had obesity. Thus, we collected a total of 14,165 measurements from 2,641 children who were considered respiratory-healthy and who were 8-17 years of age. Mean age at study inclusion was 9.2 years of age (Standard deviation [SD], 1.1 years) for girls and 9.5 years (SD, 1.2 years) for boys. Observations per individual ranged in number from 1-12 (median, 4 observations, and interquartile range, 4 observations). Mean follow-up duration was 2.5 years (SD, 1.9 years). Study participants' characteristics by follow-up phase can be observed in (S1 and S2 Tables) [14] . Tables 1 and 2 describe socioeconomic variables and ozone exposure by follow-up phase and gender. Response rate (RR) of the monthly family income variable was 84.5% along the follow-up period. Table 3 depicts the characteristics of the study population in phase 4, the only phase including measurements of sitting height/standing height. Table 4 presents results by tertiles of parents' schooling, while S3 Table separates data by tertiles of monthly family income. The lowest tertile had a reported mean monthly family income of $119.4 USD and 7.7 years at school, the middle tertile, $360.6 USD and 11.8 years at school, and the highest tertile, $949.3 USD and 16.0 years at school.
Children of families with higher parental education in general were taller for age, had higher crude spirometric variables and, during the 4th evaluation, also had lower sitting height/standing height. Similarly, poorer children had smaller body and lung size, but in addition, smaller legs in relation to trunk size (Table 4) .
Mixed regression models predicting log FEV 1 (mL) and log FVC (mL) showed that the higher the monthly family income, the higher the lung function (models 1-4). Parents' schooling also was associated with higher lung function (model 1). When monthly income increased by 10%, FEV 1 increased 0.008-0.03% and FVC, 0.02-0.04% (models 1-4). However, only the co-efficient in model 1 was statistically significant for both FEV 1 and FVC. A 1-year increase in parents' schooling was associated with an increase of 0.37% for FEV 1 and 0.41% for FVC (Table 5) . Utilizing model 1 of Table 5 and average income ($300.40 USD), schooling (11.5 years), FEV 1 (2,322 mL), and FVC (2,605 mL), an increment of $100 USD in monthly income increased FEV 1 by 1.98 mL (0.09%) and FVC by 2.88 mL (0.11%), whereas a 1-year increment in parents' schooling increased FEV 1 by 8.5 mL (0.37%) and FVC by 10.6 mL (0.41%).
If anthropometry is added to the model (model 2, Table 5 ), the impact of SES on lung function became non-significant. Secondhand smoke and ozone levels also exerted adverse effects on lung function, but had no additional impact on the relationship between SES and lung function (model 4). Higher ozone levels were observed in areas with students with higher SES. Mixed regression models by gender or including healthy and non-healthy children were also performed, observing co-efficients for SES variables were similar to those obtained by models with healthy children and including both genders (S4-S7 Tables). Finally, cross-sectional models obtained from the first observation of each individual were compared with the more adequate longitudinal mixed-regression models illustrated in Table 5 , observing similar effects for parents' schooling, but not for monthly family income compared with longitudinal models. Furthermore, interaction between SES variables and ozone were not statistically significant. Longitudinal models had a lower Akaike information criterion (AIC) than cross-sectional models (S8 Table) , again showing better fit of the observations. S9 Table shows the effect of SES over spirometric variables expressed as Z-score and confirmed the positive effect of monthly family income on FEV 1 (P<0.1) and FVC (P<0.01). However parents' schooling co-efficient was not statistically significant. Fig 1 depicts spirometric variables (L) , sitting height/standing height ratio (%, from the 4th evaluation), and monthly family income (2009 USD) of the cohort vs. height-for-age Z-score. As height-for-age increases, spirometric variables and income also increase, but sitting height/ standing height decreases. Fig 2 shows crude FEV 1 and FVC in L vs. age. Children in the uppermost tertile of monthly family income had a slight higher lung function over time than children in the first two tertiles.
Discussion
Our study shows, in a cohort of school age children residing 2,240 m above sea level, a lower FEV 1 and FVC in families with lower monthly income or lower parents' schooling. Socioeconomic disparities are associated with differences in children's lung function. The majority of studies to date, many of these cross-sectional, demonstrate a positive correlation between SES (income, education, occupation, and others, or a combination of these in an index) and lung function [15] , as our results describe. The detailed mechanisms of why SES adversely impacts lung function are unknown, but are likely multifactorial and beyond the common explanation of poor nutrition [3] . SES adversely impacts growth and development; therefore, several anthropometric measurements, such as height-for-age and sitting height/standing height [6, [16] [17] [18] [19] , are important predictors of body size and overall lung size and function, and are likely key intermediate variables between SES and lung function. In fact, in our study, the impact of SES on lung function disappeared on adjusting regression models by anthropometry, observing an expected adverse effect on lung function and air pollutants (exemplified by ozone levels) and passive smoking, supporting the Ln FVC (mL)
Ln ( idea that the majority of the effect of SES on lung function is associated with changes in height and sitting height/standing height. In other words, poverty leads to smaller body size, lung size, and crude lung function, but not to height-and age-adjusted lung function. Changes in heightadjusted lung function, for example, when function is expressed as percentage predicted by gender, age, and height, or as Z-score of gender-, age-, and height-predicted values, were mild and inconsistent in different tertiles of income or education. Compared with children in developed countries, including Mexican-American children residing close to sea level, gender-, age-, and height-adjusted lung function of children from Mexico City have been higher [14] suggesting that an adverse environmental impact on height is more marked than on the lung, especially in individuals residing at moderate or high altitudes. However, crude lung function in Mexican-American children is clearly higher than in children of the same age residing in Mexico City, as also shown in the groups with higher SES within Mexico City; improving nutrition during growth and development could raise the maximal lung function attained and decrease the risk of adult-age lung diseases such as Chronic obstructive pulmonary disease (COPD) [20, 21] . Another source of the adverse impact of low SES on lung function derives from air pollution, which tends to be worse in poorer areas. For example, solid fuel use, very much a pollutant, is linked with poverty; however, in our study, the use of solid fuels is very uncommon and ozone levels were higher in more highly advantaged areas. In addition, previous studies have found a differential impact of air pollutants depending on SES, but not consistently [22] . For example benzene, NO 2 , and NOx [21] , and Ozone can be modified by maternal educational level or SES, respectively, but particulate matter and NO 2 have a small decrease in lung function, even when SES was taken into account in the models. [23] .
Several study limitations should be acknowledged. Income has disadvantages on measuring SES, because it is often under-reported, although income may change over time, reflecting better modifications in family economy during follow-up. Schooling, on the other hand, does not change over time, even with changes in income or poverty, but is able to be measured with greater reliability. More complex indicators of SES have been proposed, with composite indices including existent in-home appliances, but these are not necessarily better than traditional family income or education.
Longitudinal follow-up of the cohort ended when the children were about 15 years of age, during adolescence, but before final height and lung function were reached. In addition, as can be observed in Tables 1 and 2 , follow-up decreased during secondary school due to the children's dropping out of school or changing to a different school, reducing information at the beginning of adolescence. We also lacked contributions of genetic ancestry, because biological samples were not obtained and questions on race or ethnic origin are usually avoided in Mexico, as the majority of the population is considered Mexican mestizo and differs from the so-called Hispanic population in the U.S., with a variety of contributions of African ancestry depending on country-of-origin. On the other hand, the study includes a considerable number of spirometric observations conducted with good quality control, as well as measurements of air pollution and a heterogeneous socioeconomic status of the individuals studied, allowing for relevant analysis.
Conclusions
Lower socioeconomic status, estimated as reported income or parents' education, is associated with a reduction in lung function and height-for-age and higher sitting height/standing height. According to our data, the majority of the impact of SES on lung function was accomplished by means of a reduction in height. Further studies are needed in order to explore the potential factors underling this association and the impact of residing at a moderate altitude.
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